INTRODUCTION
Surfactants are used in almost all branches of industry and everyday life as home and industrial cleaning compounds, in cosmetics, pharmaceuticals, plating baths, petroleum products etc. Their waste belongs to the most widespread organic pollutants, representing a global environmental problem that demands the development of modern methodologies for their accurate determination.
The mostly used technique in ionic surfactant analysis is the two-phase titration method [1] with a mixed indicator, which suffers from many drawbacks [2] .
Potentiometry with ion-selective electrodes (ISE) used as sensors is a simple, fast and inexpensive method for determining surfactants and avoids most of the limitations of classical titrimetric methods [3] [4] [5] [6] [7] [8] [9] . Flow-injection analysis was also used for potentiometric determination of anionic surfactants [10] [11] [12] .
In these investigations, theoretical model for potentiometric titration curves of sodium dodecyl sulfate was proposed and their estimations and optimization of response parameters for two surfactant sensors are reported [13] .
EXPERIMENTAL

Reagents and materials
The sensor response characteristics were investigated using sodium dodecylsulfate (SDS) and sodium dodecylbenzene sulfonate (SDBS).
Both chemicals were purchased from Fluka (Switzerland). Solutions of 1,3-didecyl-2-methylimidazolium chloride (DMIC, Fluka, Switzerland) and diisobutylphenoxyethoxy-ethyl-dimethyl-benzyl-ammonium chloride (Hyamine 1622, Merck, Germany) were used as the titrants.
Apparatus and measurements
An all-purpose titrator 794 Basic Titrino (Metrohm, Switzerland) combined with a Metrohm 806 Exchange unit (Metrohm, Switzerland) and controlled by the Metrodata Vesuv software was used as the dosing element to perform the potentiometric titrations.
A commercial solid state surfactant sensor (CS-1) and a self-made liquid membrane surfactant sensor based on 1,3-didecyl-2-methylimidazolium tetraphenylborate (DMI-TPB) ion-exchange complex, which was used for the preparation of the PVC-based sensing membrane [8] . A silver/silver (I) chloride reference electrode (Metrohm, Switzerland), reference electrolyte sodium chloride solution (c = 3 M), was used as one reference.
Optimization strategy using Solver
Solver is a spreadsheet optimization modeling system incorporated into Microsoft Excel for Windows. It was used to compare an array of data predicted by the model with an initial set of parameter values over a range of dependent variable values with a set of experimental data. The macro SolvStat [15] provided the regression statistics for Solver by calculation of the standard deviations of the parameters, correlation coefficients and standard errors of the y estimate SE(y).
RESULTS AND DISCUSSION
Anionic surfactants (An-) are usually titrated with an ion of opposite charge (Cat+), thereby forming slightly sol=uble ion associates:
Its solubility product can be derived from Eq. (1):
The mass balance for the analyte (An-):
where V s is the sample volume containing an analyte concentration of C S . The mass balance for the titrant (Cat+):
where V t is the titrant volume with a concentration of C t , [CatAn] , is the equilibrium concentration of CatAn in the solution, and P CAtAN is the concentration of analyte (An-) or titrant (Cat+) removed by the precipitation of CatAn. By subtracting (4) from (3) and after rearrangement the following equation is obtained:
By substituting
into Eq. (6), the following expression, which describes the course of the titration, is obtained: 
Figure 1 -Comparison of experimental and modeled potentiometric titration curves of SDS with
Hyamine using CS-1 sensor. The experimental data were compared with the appropriate theoretical curves in which the sensor response parameters (slope S, constant potential therm E0) and unknown analyte properties (sample concentration Cs, solubility product constant , S CatAn K ) were optimized using Solver (Excel).
A part of the spreadsheets displaying the potentiometric titration data and calculated model parameters are shown in Tables 1 and 2 . The potentiometric titration curves after the optimization procedure are shown in Figures 1 and 2 .
CONCLUSIONS
Theoretical models for the potentiometric titration curves of anionic surfactants have been proposed. A commercial sensor and one self-made sensor of the own construction were used for all the measurements. The generated experimental data were compared with appropriate theoretical curves in which the unknown properties (slope, constant potential term, solubility product constant, and analyte concentration) were optimized using Solver (Excel). The proposed methodology gives the insight in the sensor condition and also contributes the membrane optimization by selection of the proper ion associate, which is predominantly responsible for the sensor sensitivity, which is important for determination of anionic surfactants in surface water and wastewater.
